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Catecholamines (CATS) are stable in acidic pH. Urinary free CATS are commonly 
preserved w i th acids for storage. However, there are many problems reported for the use o f 
acids, for example, hydrolysis of conjugated CATS and oxidative destruction of free CATS 
by high acid concentration, and l imited time of storage by dilute acid. In this study, an 
alternative method to preserve urinary free CATS wi th acidic buffer was studied. 
Furthermore, the stability o f CATS was also studied under different storage conditions. 
To maintain a taxget urine pH of 3.5, two common acidic buffers, citrate and formate 
buffers at p H 2 were used. The optimal concentration o f citrate and formate were 0.5 M and 
0.75 M respectively. The citrate buffer was found to have a greater buffering capacity than 
that of the formate buffer. However, citrate buffer caused significant interference to the 
quantitation ofur inary free CATS, The interference was proportional to the concentration o f 
the f inal buffer concentration in urine samples. Thus only formate buffer was used in the 
subsequent experiments. 
To simulate an adverse ambient condition for urine collection and to test the preserving 
capacity ofdi f ferent preservatives, fresh urine samples mixed wi th different preservatives were 
stored at 37^C for 4 days. Urine samples preserved wi th formate buffer and ascorbic acid 
showed no significant decrease in urinary CATS. Urine samples preserved wi th sodium 
metabisulphite and E D T A preserved urinary CATS for 2 days. One urine sample treated wi th 
0.5 M HC1 showed an unexpected disappearance of urinary CATS, leading to significantly 
lower results for this preservative. 
Ten urine samples collected from post-operative patients, preserved wi th formate buffer 
and formate buffer wi th ascorbic acid were stored at 4°C, -20°C and -70°C for periods up to 
V 
2 
4 months. Determinants o f the stability o f the urinary CATS were mult i factorial. Bo th 
storage temperature and the preservatives contributed. For unpreserved urine, urinary CATS 
were stable up to 1 week, 1 month and 2 months at 4°C，-20¾ and -70°C respectively. For 
sample preserved w i t h formate buffer, urinary CATS were stable up to 1 month, 2 month and 
4 months at 4°C, -20°C and -70°C respectively. The addit ion o f ascorbic acid showed no 
significant improvement on the stability o f CATS. 
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A N O V A Analysis of variance 
CATS Catecholamines 
COMT Catechol-o-methyl transferase 
CV Coefficient of variation 
D A Dopamine 
D H B A 3,4-dihydroxybenzylamine hydrobromide 
ECD Electrochemical detector 
EDA Ethylenediamine 
EDTA Ethylene-diamine tetra-acetic acid 
g Gram 
g/l Gram per liter 
GLC Gas l iquid chromatography 
HC1 Hydrochloric acid 
HPLC High performance liquid chromatography 




m l Mi l i l i ter 
mmol Mi l imole 
m M Mi l imole per liter 
N A Noradrenaline 
NaoH Sodium hydroxide 
n M Nanomole per liter 
p Probability 
QC Quality control 
R C M Radial Compression Module 
SD Standard deviation 
T H I ‘ - Trihydroxindole 
T L C Thin-layer-chromatography 
Tris Tris [Hydoxymethyl] amino-methane 
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Measurement o f urinary free CATS is useful in diagnosis of diseases in clinical 
laboratory, for example, phaeochromocytoma and neuroblastoma. Both. preanalytical and 
analytical factors would affect the accuracy of the results. Preservation of urinary CATS is 
an important preanalytical issue because CATS are unstable in urine samples (Henry and Pratt, 
1990). They readily undergo auto-oxidation, leading to the falsely low results. Auto-
oxidation takes places in the presence of oxygen, light, high temperature and alkaline pH. 
The reaction is catalysed by divalent cations in urine, for example ferrous ions and magnesium 
ions. Many methods have been used to preserve CATS such as, using low temperature, 
reducing agents like sodium metabisulphite and chelating agent like EDTA. Urinary CATS 
are stable at acidic pH, therefore acid or combination of acid and the above preservatives had 
been used. 
Ac id is the most popular preservative used for urinary CATS. However, there is 
l imited information on the type and concentration which can maintain optimal stability. I t 
was reported that the use of acid could bring about many problems. Some studies reported the 
use o f high acid concentration can hydrolyse conjugated forms of CATS in urine, resulting 
in falsely elevated free CATS concentration (Henry and Pratt, 1990; Anton and Sayre, 1962). 
I t was also reported that high acid concentration can cause oxidative destruction of urinary 
free CATS (Ho, 1994). Although these problems can be resolved by using dilute acid, dilute 
acid can only preserve urinary free CATS for a l imited period (Ho, 1994). 
Furthermore, dilute acid may not be sufficient to keep urine pH to the desirable pH 
range in some patients. The use of an acidic buffer to preserve urinary CATS has not been 




acids. I n this project, investigations were undertaken to select a suitable acidic buffer and 
determine its concentration for urine collection under adverse ambient condition and prolonged 
storage. The combined effect o f the buffer and other preservatives l ike reducing agents and 
chelating agent on stability o f urinary free CATS for storage at low temperature were also 
examined systematically. 
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2. Literature review 
2.1 Catecholamines 
2.1.1 Structures and properties 
CATS belong to a group o f compounds that contain amines attached to a benzene ring 
bearing two hydroxyl groups (catechol ring). Endogenous sources from human beings are 
adrenaline (A), noradrenaline O^^A) and dopamine (DA). They all share a common molecular 
formula, but are different wi th their characteristic structure as shown in Figure 1. N A 
possesses a hydroxyl group on the B-carbon atom whereas A has a methyl group on the 
nitrogen o f the terminal amino group. 
CATS are water soluble and amphoteric, due to the presence of both amino and 
phenolic groups. Their ionic nature also enables the extraction, purification and separation 
of CATS by ion-exchange resin QSfyyssonen and Parviainen, 1989). The catechol r ing 
renders the CATS susceptible to oxidation in the presence of oxygen, elevated temperature, 
light and divalent cations e.g ferrous ions, magnesium ions. This reaction is also enhanced 
at neutral or basic pH and under a potential gradient (Henry and Pratt, 1990) to form the 
oxidized and reversible fluorescent product -- quinone (Figure 2). But the quinone can be 
converted back to CATS in presence of reducing agent like ascorbic acid (Hugh et al, 1987). 
Otherwise, quinone can be further converted to an irreversible colored product, aminochrome. 
This redox property allows the detection of CATS wi th electrochemical methods. The ring 
structure also gives native fluorescence or produces fluorescence derivatives wi th other 
chemicals leading to sensitive quantitation in fluorometric assay. Furthermore, the 3,4-
dihydroxyphenyl structure o f CATS can form complex wi th alumina and boric acid to provide 
specific extraction procedure at nanomolar concentration in biological samples like urine. 
、 
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Figure 1: Molecular structures of CATS 
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Figure 2: Pattern of oxidative decomposition of the CATS (Hugh et al, 1987) 
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2.1.2 Origin, biosynthesis and release 
CATS are produced principally f rom brain, chromaff in cells o f adrenal medulla, 
sympathetic neurons, and kidney OSJyyssonen and Parviainen, 1989). They are synthesized 
f rom amino acid tyrosine by a cascade o f enzymatic steps as shown in figure 3. Dietary or 
endogenous tyrosine f rom liver is hydrolysed by tyrosine hydroxylase to dopa 
(dihydroxyphenyalanine) in sympathetic nerve ending and the adrenal medulla. The format ion 
o f D A is by the L-aromatic amino acid decarboxylase in the cytoplasm. D A is taken to 
storage particles through energy dependent mechanism, where i t is converted to N A by the 
enzyme D A B-hydroxylase. In adrenal medulla, N A released f rom the storage particle is 
f t o h e r converted to A by the enzyme phenylethanolamine-N-methyltransferase (Axel rod and 
Weinshi lboum, 1972; Whit ley et al，1994). 
The^-biosynthesis and release o f CATS are regulated both by intracellular 
compartmentalization and by feedback inhibit ion o f the synthesized products i n the 
biosynthetic pathway. For example, the release o f N A can inhibi t tyrosine hydroxylase 
activity and transport o f D A into the storage granules. Nerve stimulation is also necessary 
for the release o f CATS in the adrenal medulla. The mechanism to release CATS involves 
the process o f exocytosis (Axelrod and Weinshilboum, 1972). 
14 
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Figure 3: Biosynthesis of CATS (Whitley et al,1994) 
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2.1.3 Metabolism 
Once the CATS are released from the storage particle, they are then rapidly inactivated 
through conversion to metabolites or excretion as free amines or conjugates, and reuptaken 
by storage particle in the sympathetic neuron. Released CATS are unbound to any protein 
in blood and have a very short plasma half-l ife. There are two important enzymatic 
inactivation of CATS in the body involving catechol-o-methylation and oxidative deamination 
arised f rom catechol-o-methyi transferase (COMT) and monoamine oxidase respectively 
(MAO) (Axelrodand and Weinshilboum, 1972; Whitley, 1994). COMT is present abundantly 
in most tissues, for example, liver, kidney and erythrocytes. CATS are almost metabolized 
in body and only small quantities of unchanged (free) amines are found in urine. The major 
and f inal urinary metabolite of A and N A is vanilylmandelic acid (VMA) , although o-
methylated metabolites -- metanephrine (MN) and normetanephrine Q>lMN) represent a smaller 
fraction o f the urinary metabolites of A and N A . For DA, the major and f inal metabolite 
fo l lowing oxidative deamination and o-methylation is homovanill ic acid ( H V A ) (Figure 4A 
A N D 4B). 
CATS and their derived metabolites are excreted as either free form (unconjugated) 
or as glucuronide and sulphate forms (conjugated) in urine (Weinkove, 1991; Whit ley, 1994). 
The majority of the urinary CATS, like in plasma, are in conjugated forms and they receive 
less attention than the free form. It is because most significant information about the 
transmitter function or pathological disease is obtained from the determination o f free CATS 
(Westerink, 1986). I t was noted that urinary conjugate outputs poorly reflect plasma 
conjugate concentration (Claustre et al, 1985) probably because of complicated metabolism 
of the CATS in body. The ratio of urinary conjugated CATS to free CATS in adults was 
reported to be 1.5-5.0 (Westerink, 1986). The relative high abundance of urinary conjugated 
” 、 16 
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Figure 4A: Metabolism of epinephrine (A), norepinephrine (NA) 
(Whitley et aI, 1994) 
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Figure 4B: Metabolism of DA (Whitley et al, 1994) 
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Table 1: Urinary excretion of CATS and their metabolites (conjugated and 
free form) 
OVhitley et al, 1994) 
1 — — — 
！ /Vinount Excrctcd, % of Totni 
i /iniol/d (jJg/d) from Norepinephrine and Epineplu-ine 
iEpinephrinc (frce)~~~^ 0.03 (5) ^ 
:Norepinepiirine (free) 0.18 (30) 0.4 
iEpincphrinc aiid norepincpiir ine (conjugated) 0.59 (100) 1.6 
IMetanep{irine (to(ai) . 0.33(65) 丨.0 
lNormetanephrine (lotaI) 0.55 (100) 1.6 
|Vanillylmandeiic acid 20.2 (4000) 63,5 
;3-Me(hoxy-4-hydroxyphcnyi^ycol 10.9 (2000) 31.3 
'Dopaniine (free) 1.5 (225) 
Homovani l l ic acid 37.9 (6900) 
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• • 
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Attempts have been made to study the factors such as age, sex and circadian rhythm 
are also reported to have influence on the excretion pattem of CATS. In adult, i t was 
reported that no age dependence was observed for N A whereas A excretion decreased w i th 
age in men (Erik et al, 1991). Besides, D A excretion was found to decrease significantly w i th 
age in both men and women. Also, men have greater excretion o f all three CATS than that 
in women . A n example o f reference ranges for children and adult is given on table 2 
(Whit ley et al, 1994). Circadian rhythm was reported for the urinary free CATS in 24 hour 
excretion (Westerink, 1986; Kawano, 1990; Ho 1994). 
21 
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Table 2: Reference：range, of u r i n a r y free catecholamines excretion (Whi t ley et ai， 
丨 1 9 9 4 ) 
I • 
Urinary Eszcretion, Ug/d (nmol/d) 
J^gp^  y Noradrenaline Adrenaline Dopamine 
]chUdren ^ 0 - i 0 ( 0 - 5 9 ) 0 - 2 J ( 0 - 1 ^ ) 0 - 3 5 ( 0 - 5 5 5 ) 
1 - 2 i - i 7 ( 6 - l C O ) 0 - 3 . 5 ( 0 - 1 9 ) i 0 - ! 4 0 ( 6 i - 9 I 4 ) 
2 —丄 ^ - 2 9 ( 2 4 - i 7 1 ) 0 - 6 . 0 ( 0 - 3 3 ) ^ 0 - 2 6 0 ( 2 6 [ - ! 6 9 7 ) 
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2.1.4 Biological functions 
CATS are required by the body for adaptation to acute and chronic stress and thus play 
an important role in the "f ight or flight" response. The response includes the increase in 
glucose metabolism and blood f low in the brain, muscle contraction and glucogenolysis in 
muscle and glucose production in the liver. N A is found mainly in the sympathetic nerves 
o f the peripheral and central nervous system (Axelrod and Weinshilboum, 1972). I t acts 
locally on effector cells o f vascular smooth muscle, adipose tissue, liver, heart and brain as 
a neurotransmitter. A is located primarily in the adrenal medulla and acts mainly as a 
hormone on distant target organ after its release f rom the adrenal glands into bloodstream. 
D A serves as a neurotransmitter in brain and spinal cord. I t is responsible for the 
coordination and integration o f fine muscular movement. I t can regulate the release o f 
prolactin involved in the hypothalamic-pituitary axis (Whitley et al, 1994). Over the last 
decade, i t became evident that free D A is formed in the kidney and has an important role in 
producing natriuresis (Lee, 1982 and 1986). 
2.15 Significance of urinarv free catecholamines measurement 
CATS play an important role in health and disease. In physiological response, CATS 
together w i th other hormones are important in "the fight or f l ight" response. N A and A are 
important central nervous system neurotransmitters and they have been used as a marker for 
sympathetic nervous system activity (Tuck, 1986). Excess CATS have a great association 
wi th stress, a fal l in blood pressure or blood volume, congestive heart failure, thyroid hormone 
deficiency and arrhythmias, whereas deficient CATS are seen in idiopathic postural 
hypotension. 
Increased secretion of CATS is highly associated wi th some tumours, e.g 
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phaeochromocytoma and neuroblastoma. Both tumours are f rom primit ive neural crest tissue 
and can secrete CATS directly into the blood circulation (Weinkove, 1991). Laboratory 
measurement of increased urinary free CATS or their main metabolites have been used as a 
tumour marker for neuroblastoma in children and phaeochromocytoma in adults (Weinkove, 
1991; Er ik et al; Vol in, 1994). Vo l in (1994) reported that the measurement o f the urinary 
free CATS together w i th their metabolites (e.g metanephrine) is the best discriminator 
between essential hypertension and phaeochromocytoma associated hypertension. 
Phaeochromocytoma is rare but not an important cause ofhypertension, found in 0.1-
0,5% of hypertensive patients (Rosano, 1991). I t is more common in older than younger 
subjects. In addition, about 10% o f t he tumour is malignant (Henry and Pratt, 1990). The 
laboratory diagnosis o f this tumour is of great importance because 90% of the histologically 
benign tumours can be removed and do not recur after surgery (Weinkove, 1991). 
Neuroblastoma is commonly found in malignant tissue of sympathetic nervous system 
in children. About 75% of this tumour appears in children under 3 years old and only 2% 
occur in patient older than 7 years old G^unez and Oritiz-Apodaea, 1994). The incidence rate 
range f rom 1 in 6000 to 1 in 10000, and this tumour is thought to be congenital (Henderson, 
1992). The tumour produces elevated urinary DA, N A , A，and or/their acid metabolites like 




Free D A is a neurotransmitter to control the release o f prolactin and growth hormone. 
Being a natriuretic factor, it promotes the excretion o f sodium during increased dietary salt. 
Urinary free D A excretion increases in response to oral sodium loading in rats (HO, 1994). 
Under physiological condition, free D A is secreted by kidney to eliminate excess sodium. 
However, in hypertensive patients or normotensive subjects wi th a family history of 
hypertension, their kidney fai l to mobilize free D A (Lee, 1986), resulting in loss of positive 
correlation between sodium and free D A excretion. This relationship would probably allow 
a better understanding of the role of kidney in the pathogenesis of essential hypertension. 
Al though plasma free CATS can be measured w i th wel l established methods, 24 hour 
urinary free CATS are preferred. There are several reasons. CATS are more stable in 
acidified urine than in plasma. There are higher CATS concentration in urine, resulting in 
high sensitivity and reproducibility in measurement. A n integrated measurement in urine is 
also preferred to a single point reading in plasma (Weinkove, 1991). Furthermore, dietary 
CATS have no influence on urinary free CATS measurement and small intraindividual 
variation is found in urine (Westerink, 1986). 
\ 
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2.2 Methods of measurement 
2.2.1 Colorimetric method 
The colorimetric methods are based on the formation o f adrenochromes f rom the 
oxidation o f CATS in the presence o f oxidizing agents such as iodine, alkaline substances and 
sunlight. CATS also react w i th ninhydrin and diazobenzenesulphonic acid to fo rm 
characteristic products for measurement. But these methods are neither specific nor sensitive 
for the determination (Kagedal and Goldstein, 1988). 
2.2.2 Fluorometric method 
Fluorometric methods are based on the conversion o f the amines into derivatives that 
emit a characteristic fluorescence greater than that o f the parent amines. There are two 
common methods -- tr ihydroxindole (THI) and ethylenediamine (EDA) methods. I n T H I 
method, N A and A are oxidized by, for example, potassium ferricyanide to the corresponding 
adrenochromes at alkaline p H to form fluorescent products called adrenolutins. Then 
estimation o f individual CATS can be achieved by dual oxidations at p H 3 and p H 6 or by 
the measurement o f fluorescence at differing excitation and emission wavelengths. I n this 
method, stabilizers l ike ascorbic acid, are added in the assay as the fluorescent products are 
unstable (Anton and Sayre，1962). In E D A method, A and N A are first oxidized to 
adrenochromes and then react w i th E D A to produce polycyclic fluorescent compounds. 
Simultaneous measurement o f these two hormones without prior separation are possible 
because the corresponding fluorescent condensation products have different emission spectra. 
Sample pretreatment w i th alumina, cation-exchanger or both is required for these fluorescence 
procedures. However, both T H I and E D A methods are not sensitive and specific enough for 
plasma CATS measurement. Taking drugs and beverage such as ampici l l in, methyldopa, 
V 
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sulphonamides and coffee can interfere wi th the assay (Whitley, 1994). Measurement o f 
urinary CATS by these fluorometric assay has gradually been replaced by chromatographic 
methods (Rosano et al, 1991). 
2.2.3 Radioenzymatic method 
The principle o f radioenazymatic method is based on the use of the enzyme COMT 
to transfer a radioactive methyl group from the tritiated reagent, S-adenosylmethionine, to 
CATS present in the sample, resulting in the formation of their corresponding labelled 
methylated derivatives (Whitley, 1994). The methylated products are extracted by organic 
extraction solvents and separated individually by thin-layer chromatography (TLC). 
Quantitation can be achieved by eluting the compounds f rom the TLC medium and comparing 
w i th the radioactivity produced by internal standards. I t is important to extract CATS f rom 
urine sample before the enzymatic reaction because the enzyme system is sensitive to urine 
inhibit ion. Despite its sensitivity, the method is complex, time consuming and less precise 
than that o f the chromatographic methods. 
2.2.4 Chromatographic method 
Two common chromatographic methods used are gas l iquid chromatography (GLC) 
and the more popular one, high performance l iquid chromatography (HPLC). 
GLC is based on the partition of the analytes between a gaseous mobile phase and a 
l iquid stationary phase in a column and the column eluant is quantitated by specific detectors. 
Examples o f detectors are flame ionization detector, electron capture detector and the more 
sensitive and specific mass spectrometer detector C^^yyssonen and Parviainen, 1989). 
Recently, Graham et al (1993) reported the application o f this technique for measuring CATS 
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i n urine sample. However, the use o f GLC is not widely applicable for routine CATS 
determination probably because o f the need for derivatization o f analytes to volati le 
compounds and involvement o f sophisticated and expensive instrumentation. 
H P L C method becomes the most popular and promising technique for the 
determination o f plasma and urine CATS (Davidson and Fritzpatrick, 1985; de Jong et al, 
1987; Vo l in , 1994). This technique is based on the separation o f analytes in a sample 
between a l iqu id mobile phase and a stationary phase. The system works w i th a l iqu id 
delivery pump to move the analytes in the mobile phase through a column packed w i t h the 
stationary phase under h igh pressure for fast separation. The analytes f rom the column eluant 
are then quantitated G^yyssonen and Parviainen, 1989). I t is popular because o f its precision 
and we l l developed automation. The sensitivity can also be high, depending on the nature o f 
detectors. The cost for this technique is acceptable for routine purpose. 
A l l HPLC methods for urinary CATS analysis requires preliminary removal o f 
interfering substances before quantitation. Since urinary free CATS are more closely related 
to the associated disease than do conjugated forms, most methods omit the hydrolysis step and 
measure the free hormone only. Numerous approaches have been reported，but cation ion-
exchange (Weicker et al, 1984) using Bio-rex 70，adsorption chromatography (Davidson and 
Fritzpatrick, 1985) using alumina or a combination o f both have been reported ( W u and 
Gomet, 1985). A lumina extraction is the popular method, it usually involves a batch 
extraction technique in wh ich catechols are first adsorbed at p H 8.6 and then eluted w i th an 
acid. Bor ic acid also forms a complex wi th CATS and it can be used to elute CATS f rom 
ion-exchanger. This is more specific than just by lowering pH in the elution step (Odink et 
al, 1986). Purif ication on boric acid aff inity gels provides an alternative procedure for 
adsorption o f CATS, and commercial columns of immobil ized boric acid or phenylboric acid 
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are available (Rosano et al, 1991). Furthermore, automated one-line precolunm extraction 
methods using either alumina or dihydroxyborylsi l ica column had also been reported (de Jong 
et al，1987). 
For separation o f CATS, many HPLC procedures use reversed-phase chromatography 
w i th ion-pair reagents such as octanesulfonate and heptanesulfonate (Weicker et al, 1984; de 
Jong et al, 1987; Weinkove, 1991). The popular stationary phase material is octandecylsilane 
(C18) wh ich has a low polarity than the mobile phase. This low polarity reduces the 
interaction o f analytes in mobile phase w i th stationary phase, resulting in a shorter retention 
time. The ion-pair reagent is added in mobile phase to improve the fast eluting N A f rom the 
solvent front. Organic modif ier, such as methanol can be added to vary and fine-tune the 
retention time. Dif ferent buffer system such as phosphate, acetate/citric acid or formate are 
used to maintain the mobile phase in acidic pH. The p H o f the mobile phase can determine 
the degree of ion izat ion ofanalytes and affect the interaction w i th stationary phase, control l ing 
the retention time. 
Among the detection methods, electrochemical detection using amperometric or 
coulometric measurement is widely used to quantify the CATS wi th the detection l imits 
similar to those ofradioenzymatic methods OSfyyssonen and Parviainen, 1989). The principle 
ofdetect ion relies on the reduction or oxidation of CATS in an electrical cell by the potential 
o f the electrode when the column eluant passes over an electrode. The electron released f rom 
oxidation or reduction by the analytes can thus be measured as electrical current wh ich is 
proportional to the analytes o f interest in the sample. HPLC separation can also be coupled 
to fluorescence detection. However, pre- or postcolumn derivatization techniques are required 
to enhance sensitivity and specificity. One example o f pre-column derivatization includes 1,2-
diphenylethyleneamine treatment, dansylation and derivatization o f A and D A w i th o-
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phthaladehyde (Rosano et al 1991). A n example o f post-column technique is by E D A 
condensation and the T H I method (Rosano et al, 1991). Nevertheless, these methods have not 
been used extensively. 
2.3 Methods of preservation of urinary free catecholamines 
2.3.1 Reasons for preservation 
Preservation o f CATS is essential for reliable measurement of urinary free CATS. 
CATS are unstable because of their susceptibility to auto-oxidation. I t can be catalysed by 
divalent cations especially under alkaline pH and high temperature. The oxidized product, 
quinone, is further converted to irreversible aminochrome product which accounts for the 
decrease in measured urinary CATS. 
The p H of normal random urine ranges between 4.5-8.0 (Whit ley et al, 1994; 
Schumann，1984). Increase in urine pH is found in pathological status, such as，chronic renal 
failure, renal tubular acidosis and pyloric obstruction. I n addition, salicylate intoxication 
(Wallach, 1992) can complicate the body metabolism, leading to increase in urine pH. CATS 
become unstable in alkaline urine as a result o f storage and bacterial contamination. 
Ur inary free CATS determination is not a daily routine test in most laboratories. 
Laboratories in remote area have to send urine samples to referral centres where sophisticated 
equipments are available for CATS measurement. Thus, urine samples have to be preserved 
in special storage condition. Prolonged storage are also required in projects involv ing the 
longitudinal determination of urinary free CATS, Unpreserved urine, under fluctuating 
ambient temperature, presence of divalent cations and oxygen, photoactivation by l ight and 
p H change can cause erroneous CATS result. 
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2.3.2 Common preservatives 
According to Henry and Pratt (1990), CATS are stable at p H of 2 to 5 and in the 
presence o f antioxidants such as cysteine, glutathione, dithiothritol, sodium metabisulphite or 
ascorbic acid. Anton and Sayre (1962) reported that the presence o f these preservatives can 
improve the recovery o f CATS measurement in urine samples. Some investigators collected 
urine into plain bottles (de Jong et al, 1987), bottles containing glutathione/EDTA (Giles and 
Meggior in i , 1983; Konstantinides, 1988) or sodium metabisulphite (Anton and Sayre, 1962; 
Westerink and ten Kate, 1986). E D T A staMlizes CATS by chelating divalent cations, thus 
reduce the catalytic auto-oxidation process. The chelation can also improve the signal to noise 
ratio during the electrochemical detection of CATS p^Jyyssonen and Parviainen, 1989). 
Ascorbic acid is commonly used as an antioxidants to reduce the auto-oxidation o f CATS 
during the alkaline alumina extraction (Anton and Sayre, 1962 and Davidson and Fitzpatrick, 
1985). Ascorbic acid may, through its consumption, convert the CATS-quinone back to the 
parent compound, thus inhibit ing the irreversible aminochiome formation (Hugh et al, 1987). 
Ascorbic acid is also adsorbed onto the alumina during extraction and is eluted in the CATS 
extracts. This can stabilize CATS extracts for 24 hour at room temperature (Hugh et al, 1987). 
Since CATS are stable in p H 2 to 5, it has been a common practice that, during the 
process o fu r ine collection, the acid preservative withAvithout stabilizing (reducing) agents is 
added to the sample for CATS studies. For the past numbers o f years, many acid 
preservatives has been used such as HCl，H2SO4 and formic acid. Example o f these are listed 
in table 3. Amongst these acid, HCl has been the most popular one. 
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Table 3: Examples of acid preservatives used for collection of urine for free CATS 
measurement 
Tvpe of acid used References 
concentrated HC1 Davidson & Fitzpatrick， 
1985 
6 M HC1 Lee, 1989 
Volin, 1994 
5 M HC1 Nair & Munk，1987 
3 M HC1 Giles & Meggiorini，1983 
2 M HC1 Lundberg et al,1988 
1 M H2SO4 Moereman & 
de Schaepdryver, 
1984 
85% phosphoric acid de Jong et al,1987 
concentrated formic acid Westerink and ten Kate, 
1986 
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Some researchers used post-collection acidification method by adjusting the fmal 
urine p H to approximate 2 to 4 by means ofconcentrated HC1 (Foti, 1987; Vol in, 1994; Giles 
and Meggiorini , 1983), 85 % phosphoric acid (de Jong et al, 1987), and concentrated formic 
acid before storage (Westerink and ten Kate, 1986). Despite the popular use of acid 
preservative, the choice of appropriate acid and its optimal concentration has rarely been 
explained in literature. Conversely, the use of 0.4 M perchloric acid was reported by Anton 
and Sayre (1962) to have increased urinary CATS significantly at room temperature and 5^C. 
Henry and Pratt (1990) also commented that the use of high concentration of inorganic acid 
e.g HC1 may hydrolyse conjugates of the CATS, resulting in falsely elevation in measured 
free CATS. This phenomenon is of great importance during urine collection, since most of 
urinary CATS are in conjugated forms and they are susceptible to hydrolysis by high acid 
concentration. 
2.3.3 Systematic studies on catecholamines preservation 
Giles and Meggiorini (1983) studied the stability of urinary CATS in a pooled urine 
sample preserved wi th EDTA/glutathione, acidified wi th HC1 and the combination o fac id and 
EDTAy'glutathione. CATS measurements were done wi th 10 analyses over 57days. CATS 
decreased in urine samples wi th no preservative and sample preserved wi th only 
EDTA/glutathione stored at room temperature. Acid protected urinary CATS effectively at 
room temperature. Storage temperature at -30'C protected CATS in all preservative methods. 
I t was concluded that the use of low temperature and acid achieves preservation effect. 
In 1985, Moleman carried out a study wi th a single urine sample preserved wi th a 
mixture of sodium metabisulfite and EDTA (both 0.5 g). Preserved samples were kept at -
80°C for storage over 13 months. The author concluded that CATS and their metabolites 
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were stable under this condition for at least one year. This study supports the advantageous 
use o f combination o f reducing and chelating agent on the stability of CATS during storage. 
However, the stability might be mainly contributed by storage at low temperature. 
Konstantinides et al (1988) collected 24 hour urines from surgical/trauma patients on 
ice and at room temperature. The urine samples were collected in bottles containing 6 M HC1 
(pre-collection urine acidification) or EDTA/sodium metabisulfite. 6 M HC1 was also added 
to acidify urine after completed collection (post-collection urine acidification). There was no 
significant difference between the control and all the different preserving conditions. This 
study questions the need of preservative for storage of urinary CATS for less than 1 week. 
A more extensive study by Boomsma et al (1993) was carried out to study the effects 
ofvar ious preservatives and storage temperatures for over 1 year. Storage temperature studied 
were 37°C, 20°C, 4¾, -20。C and -70°C. They concluded that urinary CATS are stable in 
unpreserved urine for 4 days, and it is not necessary to keep samples under refrigeration 
during collection. Preserving wi th E D T A (0.25 g/l) and sodium metabisulfite (0.25 g/l) leads 
to only a slight decrease of CATS over 1 year and acidification is the best method for 
prolonged preservation. Preservatives can be added after complete urine collection. 
Furthermore, urinary CATS can be preserved for a longer period of time when stored at a 
lower temperature. 
The problems of using high acid concentration of HC1 as preservative was studied by 
Ho (1994). He found that both N A and D A significantly decreased 1% and 3.7% respectively 
in l M H C L aqueous solution for 2 hour at room temperature, probably due to oxidative 
destruction. On the other hand, when an acidified pooled urine sample was stored at 37°C, all 
CATS concentrations increased 2-3 fold, probably due to hydrolysis of conjugated CATS in 




remains unchanged over a period o f 2 days at 30¾. Urinary CATS are stable in these 
samples for 1 month when stored at -20°C. However, dilute acid cannot provide an optimal 
pH for all patient samples (Ho, personal communication). 
2.4 Conclusions 
Measurement of urinary free CATS plays an important role in diagnosis of 
phaeochromocytoma and neuroblastoma in clinical laboratory. Acute diagnosis depends on 
the effective preservation of urinary CATS and the sensitive and popular measurement of 
CATS by HPLC method using electrochemical detector. 
Confl ict ing results were reported on the stability of urinary CATS when preserved 
under different conditions. The discrepancies might arise f rom the use of different preserving 
conditions. Furthermore, the use of a pooled sample in some studies (Boomsma et al, 1993) 
could not represent the complicated urine matrix in different individuals. Statistical analysis 
of data were also l imited by the use of a single samples to detect significant changes of 
results. Thus, the use of multiple samples should provide a better experimental design. 
The different studies suggested that acidic pH and low temperature appear to be the 
better preserving conditions for long term storage ofur inary CATS. However, the use o f l o w 
temperature is inconvenient and not practical during urine collection. The use of high acid 
concentration, though popular, can cause hydrolysis of urinary conjugated CATS to produce 
more free CATS leading to an increased and misleading results (Anton and Sayre, 1962; 
Henry and Pratt, 1990; Ho, 1994). The problem is particularly serious during the init ial urine 
collection period, when the concentrated acid may not be diluted sufficiently. The result of 
urinary free CATS can be affected by the amount of urinary conjugated CATS present. In 
addition, small urine volume due to incomplete urine collection may render the final urine 
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acid concentration to be high, leading to hydrolysis. Furthermore, oxidative destruction may 
also occur to decrease the urinary free CATS (HO, 1994), resulting in a more complicated 
picture. The use of dilute acid can avoid hydrolysis. However, it can preserves urinary 
CATS for one month, and thus not suitable for prolonged storage. 
The use o f acidic pH to maintain the stability of urinary CATS has been established. 
Despite of their popularity, mineral acids have various disadvantages. Alternative approach 
to achieve acidic pH in urine samples, for example, the use of an acidic buffer, might 
overcome some ofweaJmesses described for mineral acids. The usefulness ofchelat ing agent 
and reducing agents to preserve urinary CATS is controversial and systemic studies were few. 
Very low temperature for prolonged storage appears to be effective. However, it is not 
practical during urine collection. Effective preservatives at high temperature aj:e important 
for urine collection at tropical countries, especially in an outpatient setting. 
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3. Aim of study 
The aims o f this project were: 
1) To establish the use of an acidic buffer, antioxidants and chelating agents to preserve 
urinary free CATS; and 
2) To study the stability o f the urine samples preserved in buffer under different storage 
temperatures. 
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4. Materials and Methods 
4.1 Principle of method 
Urinary CATS are extracted by alumina as described by Davidson and Fitzpatrick 
(1985). 3 M Tris buffer is used to maintain an optimal pH condition during the alumina 
adsorption process and other urinary interference substances are removed by a dilute buffer. 
Eluted CATS f rom the alumina was further cleaned by ethyl acetate to remove any major 
electroactive interference f rom the eluant. This enabled low noise-to-signal chromatogram 
suitable for accurate quantitation. For the separation o f CATS, a reversed phase ion-pair 
HPLC method was adapted. The acetate-citric buffer mobile phase and ocatanesulfonate as 
the ion-pair reagent were modif ied from the published method (Weicker et al, 1984). 





Adrenaline-barbiturate (A) , noradrenaline-L- tartrate.H20 GS[A), 3,4-dihydroxybenzylamine 
hydrobromide (DHBA) , 3-hydroxytyramine (dopamine, DA) , alumina (grade I) , ascorbic acid, 
Trizma, ethylenediamine-tetraacetic acid disodium salt (EDTA) , anhydrous sodium acetate, 
anhydrous citric add, and 1-octanesulfonic acid sodium salt, potassium chloride and sodium 
metabisulphite were obtained f rom Sigma Chemical Company (St. Louise, M O , USA) 
Methanol, formic acid and ethyl acetate (HPLC grade) were purchased f rom Merck 
.(Darmstadt, Germany). Concentrated hydrochloric acid was obtained f rom B D H chemical 
Ltd. Poole, England. Deionized water was prepared by the M i l l i -Q water system f rom Waters 
Company (Mi l l ipore, Mi l fo rd , M A , USA). 
4.2.2 Equipment 
Solvent delivery pump system model 600E, Nova Pak octadecylsilane column (4 ^im particle 
size) w i th radial compression module (RCM) and guard column, autosampler WISP model 
712, and the PowerLine software on NEC Powermate PC for system control and data 
integration were f rom Waters Company (Mil l ipore, Mi l fo rd , M A , USA). Electrochemical 
detector (ECD) model 1046A was f rom Hewlett Packard company (Waldbronn, Germany). 
p H meter, model 155 was obtained f rom Coming L imi ted (Halstead, England). 
4.2.3 Reagent preparation for CATS analvsis 
1) Stock standard solutions 
Stock N A , A , D A , and D H B A standard solutions of 500 | imol/ l were prepared by weighing, 
the appropriate amount o f t h e chemicals, dissolved in 0.1 M HCl, and made up t o v o l u m e 
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wi th 0.1 M H C l in volumetric flasks. The stock solutions were stable at 4°C for 6 months 
and at -20°C for over 2 years. 
2) Work ing standard solutions 
Three working standard solutions were prepared by adding appropriate volumes of the stock 
standard solutions to 100-ml volumetric flasks and made up to volume wi th 0.1 M H C l 
solution. The f inal concentrations o f CATS were: 200 n M N A , 50 n M A and 500 n M D A 
in standard 1; 400 n M N A , 100 n M A, and 1000 n M D A in standard 2; and 800 n M N A , 150 
n M A and 2000 n M D A in standard 3. These standard solutions were aliquoted and kept at 
40C for 1 month or stored at - 20¾ for longer period. 
3) Internal -standard solution 
The internal standard solution was prepared by adding 400 ^ii o f the D H B A stock standard 
solution into a 100-ml volumetric flask and made up to volume wi th 0.1 M HCl. The 
resulting concentration was 2 |oM. This solution were stable at 4°C for at least 1 month. 
4) 3 M Tris buffer 
This buffer was prepared by weighing 363 g o f Trizma and 50 g E D T A in a 1-liter flask and 
deionized water was added to make up to about 800 ml. The solution was mixed constantly 
on a magnetic stirrer kept at 40。C unti l the solution was clear. The pH was adjusted to 8.75 
w i th concentrated H C l and the solution was made up to 1 liter in a volumetric flask w i th 






i 5) 0.1 M Tris buffer 
.i •！ 
j This buffer was prepared by diluting the 3 M Tris buffer 30 times wi th deionized water and 
,1 
kept at 4°C. 
i 
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i 6) Reducing solution 
I This solution was prepared fresh prior to use by dissolving 0.19 g sodium metabisulphite and 
0.175 g ascorbic acid in 10 m l deionized water. This solution was stable for 24 hours. 
7) A lumina 
The alumina was pretreated according to the published method (Anton & Sayre 1962). 
8) Stock mobile phase 
The stock mobile phase contained 1 M sodium acetate, 0.4 M citric acid and 2 m M o f E D T A . 
This was prepared by dissolving 82.03 g anhydrous sodium acetate, 76.84 g anhydrous citric 
acid, and 0.7445 g of E D T A disodium salt.2H2O in deionized water and made up to 1 litre 
in a volumetric flask. 
9) Work ing mobile phase 
The work ing mobile phase contained 1/20 dilution o f the stock mobile phase，2 m M of 
octanesulphonate, 5 m M KC1, and 14% methanol. This was prepared by adding 50 ml o f the 
stock mobile phase, 0.4326 g of sodium- l-octane sulfonate, and 140 m l o f HPLC grade 
methanol to a 1-litre volumetric flask and made up to volume wi th deionized water. The 
work ing mobile phase was allowed to stand overnight before fi ltering w i th 0.45 micron 
aqueous fi lter. 
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4.2.4 Reagent preparation for the different studies 
1) 2 M citrate buffer 
19.21 g o f anhydrous citric acid was dissolved in 45 m l deionized water and was 
titrated w i th 10 M NaOH to pH 2. I t was made up to 50 m l in a volumetric flask. 
2) 2 M formate buffer 
3.81 m l of concentrated formic acid (24.24 M) was mixed w i th 45 ml deionized water 
and then titrated w i th 10 M NaOH to about pH 2. It was made up to 50 m l in a volumetric 
flask. 
3) 0.5 M HC1 
5 m l o f concentrated (10 M ) HC1 was mixed wi th deionized water and made up to 100 
m l in volumetric flask. A t 1/20 di lut ion wi th urine, 0.025 M f inal working concentration was 
p r o d u c e d . - . 
4) Di luted citrate/formate buffer 
By using 2 M stock, series of various diluted buffers were prepared by appropriate 
di lut ion w i th deionized water and their pH was adjusted to pH 2. 
5) 5 g/1 sodium metabisulphite 
0.25 g o f sodium metabisulphite was dissolved into deionized water in a 50 m l 
volumetric flask. A t 1/20 di lut ion wi th urine, the fmal working concentration was 0.25 g/1. 
6) 5 g/1 E D T A 
0.25 g of E D T A was dissolved into deionized water in a 50-ml volumetric flask. A t 
1/20 di lut ion wi th urine, the f inal working concentration was 0.25 g/L 
7) 60 m M ascorbic acid 
0.528 g ascorbic acid was dissolved in deionized water in 50-ml volumetric flask. A t 
1/20 di lut ion wi th urine, the f inal working concentration was 3 mM. 
42 
8) 60 m M ascorbic acid in 0.75 M formate buffer 
0.528 g ascorbic acid was dissolved in formate buffer and make up to volume w i th the 
buffer in 50-ml volumetric flask. This represented the combined preservation effects o f 0.75 
M formate buffer and 60 m M ascorbic acid. A t 1/20 dilution w i th urine sample, the fmal 
concentration o f formate buffer and ascorbic acid were 0.0375 M and 3 m M respectively. 
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4.3 Methods 
4.3.1 Alumina extraction o f urinary free CATS 
A ) The fo l lowing solutions were added to a screw capped glass tube: 
5 m l urine/standards/QC 
+ 
250 ^1 reducing solution 
+ 
1 m l internal standard solution 
+ 
5 m l 3 M Tris buffer 
+ 
100 mg treated alumina. 
B) The glass tube was tumble-mixed on a roller mixer for 20 min. 
C) The tube was centrifaged for 3 min at 800 g. 
D) The supernatant was carefully discarded without removing the alumina. 
E) 10 ml of O . l M Tris buffer was added and the tube was tumble-mixed for 5 min. 
F) The tube was centrifuged for 3 min at 800 g. 
G) The supernatant was carefully discarded without removing alumina. 
H) 1 m l o f O . l M H C L was added and the mixture was vortexed for 30 sec. 
I) The tube was centrifuged for 3 min at 800 g. 
j ) The supernatant was transferred to an Eppendorf centrifoge tube. 
K ) The Eppendorf centrifuge tube was centrifuged for 5 min at 16000 g. 
L ) 900 Ml o f the supernatant was pipetted to 8 m l ethyl acetate in a glass centrifuge tube 
and vortexed for 1 min. 
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M ) The upper organic layer was discarded and the lower aqueous layer was transferred 
into a sample v ial for HPLC analysis. 
4.3.2 Separation and quantitation of free CATS bv HPLC 
A) The working mobile phase was delivered at a f low rate o f 2 mL^min by the E600 
pump. Hel ium was sparged at 30 ml /min continuously for degassing. The used mobile phase 
was recycled after f i l tering w i th 0.45 ^im fi lter unti l the background current exceeded 10 nA. 
B) The N O V A P A K C18 (4p,m particle) was used wi th R C M and guard column. 
C) Appl ied potential on the ECD was set at +0.6 V. 
D) Analysis time per sample was programmed for 15 min. 
E) 10 ^il o f sample was injected by the autosampler WISP. 
F) Powerline programming for signal collection and integration was as shown fol lows: 
1. signal collection interval 1 second 
2. time range 4 - 16 min 
3. peak integration: width 0.1 min 
height 0.005 nA 
slope 0.001 nA/min 
minimum area 0.0001 nA.min 
smoothing 5 points 
G) Identif ication o f the CATS was by the retention times. 
H) Standardization was based on the standard analyte to internal standard peak area ratios. 
I ) Two quality control samples, collected from the routine laboratory were included into 
each batch o f analysis. 
j ) Quantitation o f unknown samples was performed by comparing the analyte to internal 
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standard peak area ratios on the Powerline workstation. 
4.3.3 Statistical analyses 
Statistical analyses were performed using the Abstat™ program (Anderson-Bell, Arvada, CO, 
USA) on personal computer. Analysis o f variance ( A N O V A ) was used for mult iple 
comparisons of sample means. The pairs wi th significant difference were identif ied w i th 
Scheffe test. Significance level was set to p<0.05. 
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4.4 Precision performance and recovery study 
A 24-hour plain urine sample was obtained f rom the routine laboratory at the hospital 
(Dept. o f Chemical Pathology, PWH). Three stock CATS standard solutions w i th different 
amount o f N A , A and D A were prepared by appropriate di lut ion of the stock standard 
solutions w i t h O . l M HC1 in volumetric flasks - 2^iM N A , 0.5^iM A , 5^iM D A for solution 
1, 4^ iM N A , l | i M A , 10 ^iM D A for solution 2 and 6 ^iM N A , 15pM A , 20 p M D A for 
solution 3. 
5 m l o f 0.1 M HC l was pipetted into a 50-ml volumetric flask and made up to volume 
w i th the urine sample. Similarly, the 3 CATS standard solutions were spiked into the urine. 
Ur inary CATS in these four samples were analyzed for CATS in triplicates using alumina 
extraction and HPLC analysis. The intra-batch precision and % recovery were determined 
f rom the plain and spiked urine samples’ 
For the inter-batch precision determination, two quality control urine samples f rom the 
routine laboratory were thawed out f rom -70¾, processed and analyzed whenever a batch o f 
urinary CATS analysis was done. Data were accumulated for subsequent calculation. 
4.5 Choice of buffer for preserving urinarv free CATS 
Two common acidic buffers, formate buffer and citrate buffer, were chosen and their 
buffer ing capacity on urine samples were compared. The p H of buffered urine depends on 
the ini t ia l p H and concentration o f the buffer system. Since urinary CATS are stable in pH 
2-5，buffer p H at 2 was used in the experiment. The optimal proportion o f buffer to urine 
volume was also studied (i.e buffer di lut ion factor). The buffer di lut ion factor was selected 
for a fmal buffered urine p H of 3.5. Another aim was to test whether the buffered urine 
samples wou ld affect the alumina extraction procedure. 
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A 24-hour pooled plain urine samples f rom the routine laboratory was selected. 
A l iquots o f t h e sample were diluted by the 2 M citrate buffer, 2 M formate buffer and water 
i n a proport ion as described on Table 4, The fmaI p H o f the urine mixtures were measured 
by a p H meter. The buffer was diluted w i th deionized water to serve as the control to 
account for d i lut ion effect. Furthermore, 1 m l aliquot o f each buffered urine sample was 
mixed w i t h an equal part o f 3 M of Tris buffer at 8.75. The p H values were measured again. 
This is to ensure that the f inal p H ofbuf fered urine sample was appropriate for the subsequent 
CATS extraction. 
4.6 Qptimal concentration of citrate buffer and formate buffer 
The optimal buffer concentration to provide a p H value o f approximately 3.5 in 
buffered urine samples was established at a buffer d i lut ion factor at 1/20. Two series o f 
buffer solutions were prepared to have concentrations o f 0.1 M，0.25 M , 0.5 M，0.75 M , 1 
M by appropriate dilutions o f the 2 M citrate and 2 M formate stock buffers. 
Nineteen 24-hour urine samples were selected randomly f rom the routine laboratory 
and their p H values were measured. To achieve a 1/20 di lut ion o f the buffer, 100 ^iL o f each 
buffer solution was added to 1.9 m l o f each urine aliquot and mixed. The p H values o f all 
urine aliquots were measured by p H meter. Instead o f using urine, deionized water was also 
used to m ix w i th those buffers and their f inal p H were measured. Results were plotted 
graphically w i th the mean p H values o f the buffered urine samples against the concentration 
o f the buffer used. 
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Table 4: Preparation of urine samples treated with water,citrate/formate buffers in 
for preserving urinary free CATS 
Buffer di lut ion factor _ = = = = 
Citrate buffer Formate buffer Water 
1 10 20 30 1 10 20 30 1 10 20 3 0 _ 
Urine T " 1.8 1.9 1.95 1 1.8 1.9 1.95 1 1.8 1.9 1.95 
volume (ml) 
Buffer/water 1 0.2 0.1 0.05 1 0.2 0.1 0.05 1 0.2 0.1 0.05 
volume (ml) 
Final urine 2 2 2 2 2 2 2 2 2 2 2 2 
volume 
(ml) - I I 
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4.7 Effects of citrate and formate buffers on measurement of urinarv free CATS 
When an acidic buffer is used as preservative for 24 hour urine collection, a f ixed 
volume has to be added to the container. The final buffer concentration, however, varies 
according to the volume o f urine collected. Thus the effect o f different buffer concentrations 
on the overall urinary CATS measurement was studied. Citrate buffer solutions o f 0.5 M , 
0.25 M and 0.125 M ; formate buffer solutions of 0.75 M , 0.375 M and 0.1875 M，HCl 
solutions o f 0.5 M , 0.25 M and 0.125 M were prepared by di luting the appropriate stock 
solutions. A fresh pooled urine sample was collected f rom healthy individuals and was 
aliquoted. The aliquots were mixed wi th the preservatives as shown in table 5. One aliquot 
was mixed w i th water for comparison. CATS measurement was performed on each treated 
urine samples in quadruplicate using alumina extraction and HPLC analysis as previously 
described. ‘ To study the effect of different preservatives and their concentrations on urine 
samples, the results were analysed by 2-way A N O V A without replication. One way A N O V A 
was also done on the preservatives concentration, fol lowed by Scheffe test for detecting 
significant difference among the group data. 
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Table 5: Preparation of different acidified and buffered urine samples for studying 
their effects on alumina extraction and HPLC analysis 
Citrate buffer Formate buffer H C L Water 
concentration concentration concentration 
(M) (M) (M) 
"o.5 0.25 0.125 0.75 0.35 0.1875 0.5 0.25 0.125 — 
Urine 
volume ^ , . 
(ml) 4 4 4 4 4 4 4 4 4 4 
Buffer 
volume ^ 1 1 
(ml) 1 1 1 1 1 1 1 1 1 1 
Final 
buffer 




4.8 Effects of different preservatives on stabilitv of urinarv free CATS at 37"C 
To simulate adverse urine collection conditions and to test the preserving capacities, 
the effect o f dif ferent preservatives on the stability o f urinary free CATS was studied at 37^C 
for 4 days. The preservatives tested were 0.5 M HC1, 0.75 M formate buffer, 60 m M ascorbic 
acid, 5 g/1 sodium metabisulphite and 5 g/1 E D T A . 
Ten fresh urine samples f rom healthy individuals were collected. 0.25 m l o fwater was 
added to 4.75 m l o f each urine sample in a plastic tube as shown in Table 6. The samples 
were taken for CATS measurement immediately. The measurement was performed i n 
duplicates and represented the original concentration (i.e day 0 sample). Each sample was 
aliquoted into 3 sets o f tubes for 1 day, 2 days and 4 days storage. Each set o f tubes 
comprised o f six 4.75 m l urine aliquots in plastic tubes. Each aliquot was mixed w i t h 0.25 
m l o f one o f the preservatives as shown in table 6. A l l tubes were kept in a l>TC water bath 
for storage. The tubes were taken out f rom the water bath after 1 day, 2 days and 4 days for 
CATS measurement. The effect o f different preservatives and storage duration on urinary 
CATS concentrations were analyzed by 2-way A N O V A w i th replications. To study the 
stability o f CATS, 1-way A N O V A was done on storage duration, fo l lowed by Scheffe test 
for significant difference among data group. 
4 Q Fffects of storage temperatures on the stability of buffered urinary free CATS 
To study the effects o f storage temperatures on the stability o f u r i na i y free CATS, 
buffered urine samples w i t h and without ascorbic acid were stored at 4。C，-20¾ and -70°C 
for different period o f t ime. For each time period, measurement o f urinary CATS were 
performed in a single batch in order to improve the precision performance. 
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Table 6: Preparation of urine samples for 37^C study 
Treatment Urine volume (ml) Volume of Final concentration 
preservatives (ml) of preservatives 
Unpreserved 4.75 0.25 -----
(water) — 
0.5 M H C L 〜_J^  0.25 0.025 M 
0.75 M formate 4.75 0.25 0.0375 M 
buffer 
60 m M ascorbic 4.75 0.25 3 m M 
acid 
5 g/1 sodium 4.75 0.25 0.25 g/1 
metabisulphite 
5 g/1 E D T A 4.75 0.25 0.25 g/1 
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Ten pooled urine samples f rom post-operative patients in the Intensive Care U m t at 
the Prince o f Wales Hospital were collected. 0.25 m l o f water was added into 4.75 m l o f 
each urine sample i n plastic tubes. The sample tubes were taken for CATS measurement 
immediately. The measurement was performed in duplicates and represented the or iginal 
concentration (i.e day 0 sample). Each sample was aliquoted into 15 sets o f plastic tubes. 
Each set o f tubes was comprised o f three 4.75 m l urine aliquots. The urine aliquots were 
mixed either w i t h 0.25 m l o f water, 0.75 M formate buffer or 0.75 M formate buffer 
containing 60 m M ascorbic acid as shown in table 7. Three sets o f the tubes were stored at 
40c for 1 week, 2 weeks and 1 month. The remaining 12 sets o f tubes were divided into 2 
parts and they were stored at -20^C and -70°C for 1 week, 2 weeks, 1 month, 2 months, 3 
months and 4 months. A l l s tored samples were taken out, processed and analyzed for urinary 
free CATS' according to their storage period. For storage at 4^C, 2-way A N O V A w i t h 
replication was used to analyze the effects ofd i f ferent preservatives and storage duration. For 
-20。C and -70'C, the effects o f storage temperatures, different preservatives (treatment) and 
storage duration were analyzed by 3-way A N O V A w i th replications. To determine the t ime 
period when a particular preservative was effective, 1-way A N O V A on the storage duration 
fo l lowed by Scheffe test was also performed. The urinary CATS was declared unstable when 
the concentration was statistical significantly lower than the day 0 concentration. To account 
for between the batch imprecision, the concentrations had to be less than 90 % o f t h e or iginal 
concentration and a decreasing trend was also observed in the subsequent study period. 
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Table 7: Preparation of urine samples for 4。C, -20®C and -70®C study 
Treatment Urine volume (ml) Volume of Final concentration 
preservatives (ml) of preservatives 
Unpreserved ^ Q-25 
0.75 M f o r m a t e ~ " 4.75 0.25 0.0375 M 
buffer 
0.75 M f o r m a t e ~ ~ 7 ^ 0.25 0.0375 M (FB) 
buffer (FB) : ^ , ,人、 
+ 60 m M ascorbic 、mM (AA) 
acid ( A A ) _ = = = = L = = = L = = = 
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5. Results and discussions 
5.1 Precision performance and recovery study 
Precision and recovery performance o f the urinary CATS method are summarised on 
Table 8. The average recovery for the 3 CATS ranged f rom 95.6 % to 100.3 %. Within-
batch and between-batch precision for both N A and D A were better than 7 %. However, the 
precision performance for A was not satisfactory. I t has an average value of 18 %. The 
characteristic poor precision for A is a common observation due to low concentration o f the 
analyte in the sample. The within-batch CV improved f rom 25 % to 2.7 % when the 
concentration increased f rom 55 n M to 160 nM. The recovery and precision, however, are 
similar to that o f the routine laboratory. Recovery of the method can be affected by the 
alumina extraction procedure. After adsorption onto the alumina, interference substances are 
removed by washing. The use ofwater to wash alumina tended to give lower recovery o f 62-
65 o/o (Foti et al, 1987) and 75 % (Anton and Sayre, 1962). The washing o f alumina w i th 
diluted 0.1 M Tris buffer at pH 8.6 can improve the recovery to greater than 95 %. Within-
batch and between-batch precision performance were reported 5-6 % and 10-20 % respectively 
in many studies (Moerman and de Schaepdryver, 1984; W u et al, 1985; Davidson and 
Fitzpatrick, 1985; Foti et al, 1984). Peaston (1988) reported a day to day CV of better than 
6 o/o using 3 levels o f urine samples wi th free A concentrations ranging f rom 80 to 480 nM. 
Concentrations o f A in urine samples for the subsequent studies in this project were higher, 
ranging f rom 100 to 550 nM. This should provide adequate precision performance for this 
project. 
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Table 8: Results of recovery and precision performance 
Intra-batch precision 
Concentration Measured % recovery Intra-batch 
o f standard concentration precision 
I I ( nM) (nM) % C V 
N A Q ^ ：：： 2.1 
“ 200 210 ^ 6.5 
^ ^ 417 ^ 4.3 
~ 600 605 ^ 2.5 
A 0 <5 * -二 i m 
— 50 一 _ _ _ _ 5 5 _ J ^ 100.2 24.6 
~ 一 m 105 ^ 15.4 
‘ m 160 100.5 2.7 
^ Q “ 206 ：：：： ^ 
" “ “ “ m 675 ^ 3.6 
‘ ^ m 1197 9 ^ 0.9 
— 2000 2227 101.0 0.8 
Inter-batch precision performance 
Quality control CATS Mean SD C V % 
samples concentration(nM) 
7 ^ " ~ " " N A _ , ^ g l i _ _ _ _ l L ^ ^ — — 
A ^ 9m 16.7 
^ 645 50.3 7.8 
" 7 ^ ~ ~ L _ 1 ! ^ . 414 4 ^ 1 ^ _ 
^ 99 12.6 12.7 
^ 1453 139.3 9.6 
* Detection l imi t o f the method 二 5nM 
57 
5.2 Choice of buffer for preserving urinarv free CATS 
As expected, the pH value o f the buffered urine samples decreased w i th increasing 
concentration o f the buffer, indicating that the buffer capacity is greater at higher buffer 
concentration (Table 9A, 9B). The urine pH increased wi th increasing buffer di lut ion factor 
as a result o f decreased buffer concentration and reduced buffering capacity. Upon di lut ion 
w i th same volume o f water, the buffer solutions showed relatively smaller p H change. This 
clearly demonstrated the presence of basic components in urine samples to neutralize the 
acidic buffer. 
Tables 9A and 9B also showed that urine sample mixed w i th citrate buffer all had a 
lower pH values than that of formate buffer at the corresponding buffer concentrations. This 
indicated that citrate buffer has a better buffering capacity. The difference of their buffering 
capacities is obvious by demonstrating a greater difference in fmal urine pH at 0.1 M buffer 
concentration. Both l M citrate buffer and l M formate buffer maintained the urine at p H to 
about 3.5 at 1/20 buffer dilution. This pH is the mean value between pH 2 and p H 5 for 
good CATS stability. Furthermore, urine samples treated wi th 1 M buffers had an acceptable 
pH values (pH 8.6) for alumina extraction after the addition of Tris buffer. 
This experiment was carried out by using one pooled urine in order to estimate the 
appropriate concentration of buffer to be used. More urine samples should be studied and 
more concentrations are also required to fine tune the optimal concentration that should be 
used for later experiments. 
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Table 9A: Effects of concentration and dilution factor of citrate buffer on pH value 
of human pooled urine (pH=6.47) 
Buffer Measured pH value 
di lut ion 
factor 
Concentr 2 M H^O l M ^ 0 O . lM H^O 
-ation o f 
citrate 
buffer 




^ 2 . 7 2 ~ ~ 2.46 2.72 2.32 3.54 2.4 
' ~ 0 2.98 2.56 3.12 2.44 4.17 2.52 





1 4.23 - 6.33 - 8.60 -
一 ^0 8.44 - 8.62 -- 8.69 
^ 8.61 - 8.70 - 8.74 -
^ 8 ^ 6 ^ _ ^ | | 8 . 7 3 - 8.76 -
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Table 9B: The effect of concentration and dilution factor of formate buffer on pH 
of human pooled urine (pH=6.47) 
Buffer Measured pH value 
di lut ion 
factor 
Concentr 2 M H^O l M H^O O. lM H^O 
-ation o f 
formate 
buffer 




^0 I 9 2.53 3.01 2.46 3.8 2.44 
^ ^ ~ ~ 2.65 3.42 2.59 4.81 2.56 





1 _ ^ _ _ _ _ | ^ ^ _ _ _ _ ^ : Z 2 _ _ L _ 
0^ _ ^ : ^ ^ _ _ _ i Z ^ _ _ _ H i _ _ _ -
^ _ H l _ _ _ _ i : Z L _ _ _ _ ^ ^ ^ ~ ~ ~ 
^ 8.73 - 8.76 - _ j 8»78 一 
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5.3 Optimal concentration of citrate buffer and formate buffer 
When the mean p H values of the buffered urine samples were plotted against the 
buffer concentrations, citrate buffer showed a greater buffering capacity than that o f formate 
buffer by rendering a lower f inal urine pH value at all buffer concentrations (Figure 6). Since 
urine CATS are stable between pH 2 and pH 5, it was intended to set a target p H of 3.5. 
Both 0.5 M citrate buffer and 0.75 M formate buffer were able to maintain urine samples at 
the target p H value. 
The use o f citric acid to preserve urinary CATS had not been reported. On the hand, 
the use o f formic acid has been reported (Westerink and ten Kate, 1986). Formate buffer has 
some advantages over formic acid. The use o fh igh formic acid concentration w i l l give lower 
pH and thus it might cause hydrolysis of urinary conjugated CATS. Wi th the buffering 
capacity, formate buffer may minimize the pH change ofbuf fered urine samples. The optimal 
concentration suggested for citrate and formate buffer can be used for 24 hour urine 
collection. This assumes that a minimum buffer concentrations o f 0.025 M for citrate and 
0.0375 M for formate at 1/20 when mixing urine in a 2-litres container. However, in cl inical 
practice, the urine volume collected f rom patients always varies which in t um can affect the 
fmal buffer concentration for urinary CATS stability. This varying buffer concentration might 
also affect the measurement of CATS during the alumina extraction and HPLC analysis. The 
risk o f hydrolysis on urinary conjugated CATS might be related to the fmal buffer 
concentrations in urine samples. The subsequent study was performed to examine the effect 
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Figure 5: Effects of different concentrations of citrate buffer and formate buffer (at 
1/20 buffer dilution) on pH value of 19 human urine samples 
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f>.4 Effects of citrate and formate buffer on measurement of urinary free CATS 
The effect o f HC1, citrate and formate buffers on the measurement o f a pooled urine 
sample were summarized on Table 10. 2-way A N O V A showed that both the types and 
concentrations ofpreservatives used affected the measurement o f all three CATS. There was 
also an interaction between these two factors. Further analysis by 1-way A N O V A on the 
types and concentration o f t h e preservatives fol lowed by Scheffe test revealed that only the 
citrate buffer, at all 3 concentrations studied, caused a significant decrease in urinary free 
CATS concentration. The % decrease was directly proportional to the buffer concentration. 
Both formate buffer and HC1 did not show any significant interference at all concentrations. 
Thus, citrate buffer was not a suitable acidic buffer to preserve urinary CATS. 
The interference caused by citrate buffer may arise in many ways f rom alumina 
extraction ^ d to the detection by electrochemical detector. One possibility is that citrate may 
hinder the adsorption o f CATS onto the alumina. Citrate acid has two terminal hydroxyl 
groups which can compete wi th CATS for adsorption sites on the alumina particle. This is 
supported by the fact that the % decrease was in proportional to the buffer concentration in 
the acidified urine samples. Further studies to understand this interfering mechanism may 
allow the use o f citrate buffer to preserve urine CATS in methods that do not use alumina. 
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Table 10: Effects of HCl, citrate and formate buffers at different concentra t ions on 
the measurement of urinary free CATS 
I Types o f Final Concentration Relative % 
preserva- Conce- M e a n ± S D ( n M ) change 
tives trat ion 
(M) 1 
N A A _ _ D A _ N A A D A 
U n p r e s e - … 143±2.2 162±2.2 1116±2.7 — - • - … 
H C L 0.025 141+2.2 160士3.0 1099士9.0 -1.4 -1.2 -1.5 
0.05 143土1.3 163+1.3 1113士7.5 -0.3 +0.6 -0.3 
0.1 140±1.6 160士3.1 1101士12.6 -2.8 -L2 -13 
0.025 135±5.2 146±3.4 998±35.4 -5,6 -9.9 -10.6 
b u f f e r ' : U —# 
0.05 131土1.0 141d=1.3 942+2.2 -8.4 -13.0 -16.0 
0.1 126±2.1 137±3.8 872±21.0 -11.9 -15.4 -22.0 
Formate 0.0375 145±2.4 163±5.5 1129±23.1 +1.4 +0.6 -1.2 
b - r _ _ _ _ _ _ L _ _ p ^ • • • ~ M 
0.075 142±3.2 158±4.2 1089±28.2 -0.7 -2.5 -2.4 
0.15 141±1.7 155±3.5 1082土12.2 -1.4 -4.3 -3.0 
The change o f m e a n concentration was compared w i t h the unpresen^ed urine samples 
using Scheffe test (*p<0.05, #p<0.01) 
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义5 Fffects of different preservatives on fh^ stahilitv of iiHnary free CATS at 37^C 
I n the presence o f different preservatives, the urinary CATS concentrations after 4 days 
of storage at 3 / C were summarized on Table 11. The % of original concentration were also 
calculated for ease o f comparison. 2-way A N O V A showed that all the three CATS were 
significantly affected by the storage duration. Only D A was affected by the types o f 
preservatives. However, there was no interaction between the types o f preservatives and 
storage duration. 
1-way A N O V A and Scheffe tests were performed on storage duration for all 
preservatives. For the unpreserved urine samples, significant change was detected only for 
A at day 4. Furthermore, there was an obvious decreasing trend f rom day 2 to day 4. On 
day 2, a l l C A T S concentrations dropped to 80% o f t h e original concentration and f t ohe r 
dropped to less than 75% of the original concentration on day 4. 
Al though not statistically significant, the urinary CATS in samples treated w i th HC1 
decreased w i th trend to about 79-85% on day 2 and day 4. This was unexpected because i t 
had been shown that 0.5 M HC1 can preserve all urinary CATS at 3 / C for 3-4 days (Ho, 
1994). When the raw data were reviewed and checked, it was noted that one o f the ten urine 
samples had undetectable result for the three CATS repeatedly for day 1, day 2 and day 4. 
However, the same sample had expected CATS concentration when treated w i th other 
preservatives. This unexplained phenomenon was also noted occasionally in the routine 
laboratory using 0.5 M HC1 as the preservative (personal communication, HO). This 
phenomenon had also been observed in another experiments for this project w i th another 
patient urine sample. However, this had not been reported in the literature. 
65 
1 
Table 11: Effects of different preservatives on the stability of urinary free CATS at 
37'C 
Temperature at 3 7 � ^ ^ 
t — — 
Treatment Time Concentration (nM) % oforiginalconcentration 
on urine (Days) Mean±SD ^ e a n t S D 
NA A _ ^ NA A OA 
0 225.7 ± 75.1 : 115.4± 44.2 1325.6 ± 353.2 ----- —— "— 
Unpreserved 1 222.9 t 6 8 . 5 1Q5.6±49.4 1310t418.9 1Q0.9t11.4 90.4t2Q.9 98,S±12.S 
2 185.5 ± 102.1 , 95,0 ± 54.9 1089 ± 631.6 79.6t32.3 80.8t36.3 81.8±38.7 
4 172.S±131 8 1 . 4 t 4 4 . 4 # 962 t 733.9 73.4±43.2 71.4±39.8 73.7t47.2 
HCL 1 197.7 ± 90.7 93.2 t 52.4 1193 ± 539.6 94.4±33,4 84.9t31.1 94.4±33.4 
(0.025M) 2 18Q.7t10Q.8 ： 95 .9 t54 .8 1121± 604 81.4±34.2 88.6±36,9 84.3±38.1 
4 178.3 ± 112.1 95.7 ± 55.2 1074 ±S61.1 79.2±40.7 85.Qt4Q.2 81.0t45.6 
Formate 1 230.2 ±S7.3 1Q5.7± 43.9 1352 ± 367.Q 104.5±9.9 92.S±19,9 102.5±6.9 
buffer 2 225.9 ± 90.43 ！ 108.8 t 42.2 1384 t418.S 96.9116.5 95.7±18.7 .103,5±S.7 
(0,0375M) 4 223.8 t80.Q ： i 1 5 . 5 t 36.7 . 1375 t 403,2 98.5±8.9 1Q3.4t15.6 103.4±7.4 
• I • • 
Ascorbic 1 225.1 ± 68.1 , 96.5 t36 .3 ； 1344 i 369.4 102.Q±9.4 86.3t19.0 101.2±9,3 
acid 2 2Q i .S t 85.9 : 94.5 ± 47.1 : 12S0± 529.9 87.1t17.9 80,1±21.9 94.6±22.1 
(3mM) 4 220.0±85.0 : 1Q2.2t 37.3 1355 t50Q,3 97.6t11.5 91.5±18.9 100.5±1S,3 
Sodium 1 234 .2 iS5 .2 ： 111 ’4±49 ,2 :13S4±352 .1 106.9±10.9 96.4±20.6 i03.St4.9 
metabisulphitei 2 207.7 t 8 1 . 3 ‘ 104.8±43.6 ： 1215± 353.3 9Q.Qt9.Q ：91.2±17.5 92.3±12.4 
‘• . 
(0,25g/l) : 4 167.2±63,5#135.4±2S.6#!933±343,3#76—.2±19.7 :78,5±21,7 71.S±19.9 
, I _ I ； ！ ‘ 
i 1 ； 
EDTA ： 1 220 ±67.0 i i07.7±51.Q ： i298 t 359.9 10Q,0±8’9 '92.7±23.9 9S.4±7.S 
(0.25g/]) i 2 : 2Q7.6r76.5 | 107.0±50,3丨1231± 343二 9Q.6t13,9 :93,2±24.9 93.2±9,0 
i 4 ： 1SO.O±69.7 i i00.6 ± 44.0 ： 1044± 550.6 84.5±2S，3 '92.2±28.2 81.3t32.9 
‘ < ^ ^ - W > - ^ M ^ ^ - ^ ^ - ^ - ^ - ^ - - ^ - ^ - ^ - ^ ^ - - ^ ^ ^ " ^ , 
f^  1-way ANOVA followed by Scheffe test for comparison to day Q sampte (p<0.05) 
‘ 、 
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For urine samples treated w i th sodium metabisulphite, significant lower CATS 
concentration was detected on day 4. Thus sodium metabisulphite can preserve the urinary 
CATS for about 2 days. There was no statistical significant changes o f urinary CATS 
preserved w i t h E D T A for 4 days. However, on day 4, 81-85% o f original CATS 
concentration was found for N A and D A on day 4. Aga in E D T A can preserve urinary CATS 
for about 2 days. Stability studies o f urinary CATS preserved w i th both sodium 
metabisulphite and E D T A at 3 7 ¾ had been reported (Boomsma et al, 1993). These fmdings 
was agreeable w i t h their results in which they found CATS stable for 1-2 days at 37^C and 
for 4-8 days at 20^C. This indicates that these preservatives may not be stable i n h igh 
temperature and thus they cannot preserve CATS effectively for longer t ime period. Sodium 
metabisulphite, through its reducing property，can be very unstable in the presence o f oxygen. 
E D T A serves as the chelating agent only to reduce the catalytic auto-oxidat ion o f urinary 
CATS by the divalent ions in urine. I t cannot prevent any other mechanisms that leads to the 
oxidat ion o f CATS. 
Ur ine samples preserved w i th ascorbic acid showed no significant change over the 4 
days. A d id showed lower % o f original concentration on day 2，but wi thou t adecreasing 
trend. The discrepancy could be due to between-batch variation. Ascorbic acid had been 
used by Hugh (1987) during alumina extraction o f plasma sample. Ascorbic acid, a potent 
antioxidant, is extracted w i th CATS onto the alumina and they are both eluted at the end o f 
the procedure. So, it not only prevents the auto-oxidat ion o f CATS during the extraction 
procedure, but also protects the CATS in the eluant. However, there is no report on using 
ascorbic acid to preserve urinary CATS during urine collection or for storage. 
There was no significant change o fu r inary C A T concentration for samples preserved 






99-103% o f the original CATS concentration on day 4. The results supported the use o f an 
‘ acidic buffer to preserve urine during the collection period even at adverse ambient 
environment. 
The results o f this study demonstrated the need to preserve urine samples eff iciently 
during the 24 hour collection and storage. Formate buffer can be used for urine sample 
acidification. Urine samples preserved wi th formate buffer maintain the free CATS 
concentration during a 4-day o f period at 37¾. There was no significant hydrolysis o f 
urinary conjugated CATS. Ascorbic acid also seems promising in preserving urinary CATS. 
Therefore, there could be possible advantages ofusing these two preservatives in combination 
to enhance the preserving capacity for long term storage. 
^ ^ Fffcots nf storage temperatures op the stability of buffered urinary free CATS 
For the storage ofur inary CATS wi th different preservatives at 4 ¾ , the results were 
tabulated (Table 12). 2-way A N O V A showed that all three CATS were significantly affected 
by storage duration. Only D A was affected by the effect o f different preservatives. There 
was also significant interaction between preservative and storage duration for DA . Further 
analysis by 1-way A N O V A and Scheffe test on storage duration showed significant changes 
o f CATS concentration. Based on the criteria described in the corresponding method section, 
the stability o f CATS wi th different preservatives and storage duration was summarized on 
Table 13. I t was concluded that unpreserved urine was stable up to 7 days. On the other 
hand, formate buffer and formate buffer wi th ascorbic acid could preserve urine CATS up to 
1 month at the same temperature. This indicates that both acidic pH and lower temperature 
are important for preserving urinary free CATS. 
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Table 12: Ur inary free CATS stability at 4¾ with different with preservatives in 
urine samples 
" ^ — : ~ ~ ‘ ^ 
Temp^i;^^i^r^^^^^^____j ； ； 
.——^^^^^^― 
1 ^ ‘ ‘ ; ^ „ / _ % of original concentrat ion 
Treatment _ _ j ; j ^ ^ 2 g _ _ _ _ _ ^ e n t r a t i o j T _ ^ — ~ ~ " p 
、 . , 。 „ + q n : M e a n ± S D 
^ £ ^ ^ £ | ^ ^ ^ _ _ _ i ^ ^ _ _ _ J ! ^ ^ i ! L ^ l ? _ 1 
_ _ _ _ ^ ^ ^ _ _ _ _ ^ _ _ _ _ _ 2 ^ _ _ _ _ _ ^ i ^ p P 
: ^ ^ _ _ _ _ 5 ^ ^ ^ _ ^ ^ j _ _ ^ ^ i ^ ^ ^ i _ _ i ^ m ^ : : : : : ^ ^ ^ 
t^ i^ ^^ ZZ^ Z^ ^^ S^ I5^ ^^ ^^ 5^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^  
^ ^ ] ] ^ ] ] ^ ] J ^ ^ 2 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ A ^ ^ i _ I 5 5 ^ ^ 1 ^ 1 ^ ^ ^ _ l l ^ > ^ ^ ^ ^ ^ 5 ^ ^ 5 ^ ^ ^ ^ " ^ 
‘ i ^ " ^ ； ~ ~ "；；； ^ ^；； 7 ^ 8 ^ ^ ^ 6 ^ ^ ^ ^ ^ ^ " ^ ^卜 ” . 4 85.7 ± 1_7：2 7 5 , 1 ± ^ 5 ^ 
., ‘ 
- 1 
;^;;;;;;:^ j;;]]XZ5^ S^^ SI^ S^ ^^ S^^ I^ ^^ ^^ ^^ ^^ ^^ ^^ ^^  
^ ~ " ~；；"" ~ ~ ^ ^ ^ ^ ^ ^ T " ^ ^ ^ T ^ ^ 7 8 8 士 216 # ^ _ 2 i i ^ _ l ^ : ^ ^ M ^ M _ p i l ^ 
1 ~ ~ ~ ^ ^ “ ^ ; ^ t ^ ^ 7 " ^ i 7 r ^ ^ r ^ ^ ^ i ^ p ^ : i i ^ : L _ _ ^ i 5 A 5 ^ i _ | i ^ ^ i ^ 
'丨 
t;;;;;;;77izz3s^ 5n5^^5n^5 i^^ 5zs^ ^ s^|^ s^ii 
t:;;;7XI5ZS^ 5SI5^ ^^ i^ "^^ ^^ ^^ "^^ ^^ ^^ ^^ M^ ^^ ^^  
；‘^ r ~ ^ ^ ^ ^ ; ^ ^ ^ j ; ^ ; ^ j ^ 3 j g ^ ^ j ^ j ^ l ^ j g I j _ h . 2 ± S . 9 90.7 ± 2.7 |94.3t6.3 
： i ！ i 
1 • I I . . i 
_ _ _ _ _ _ _ _ L _ _ _ _ - i 
: ； ‘ i i 
_ i i 
1 ！ ‘ ', ！ 
； ‘“““ 
!# i_way AJ^2Y^l£|l^^^ll^^^^i^£!!i^^fii^^^^n^^^l5^^^^^^^^^^^^^^^^^^^"^ 
； ] ‘ “ “ i i 1 i 
;(p<Q.05) 丨 ； H ； i " 
一 | ‘ “ I I ‘ t .' i 丨‘ • ； ‘ _ _ _ _ _ 1 I I I ‘ 
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Table 13: Summarized results on urinary free CATS stability at different storage 
temperatures with different preservatives 
Storage T r e a t m e n t “ Stability up to days (D) / months (M) 
temperature 
“ “ N A A D A Overall 
stability 
40c Unpreserved 14D 14D 7D 7D 
Formate l M l M l M l M 
buffer 
Formate l M l M l M l M 
buffer + 
ascorbic acid 
.20°C Unpreserved 2 M 2 M l M l M 
Formate 2 M 2 M 4 M 2 M 
buffer 
“ ~ ~ F o r m a t e 2 M 2 M 4 M 2 M 
buffer + 
ascorbic acid 
_7Q0C Unpreserved 4 M 2 M 4 M 2 M 
Formate 4 M 4 M 4 M 4 M 
buffer 
一 Formate 4 M 4 M 4 M 4 M 
buffer + 
ascorbic acid = = J = = 




storing urine samples in refrigerator during 24 hour collection can improve the 
stability o fur inary CATS. Moleman (1985) collected the urine at 4 ¾ in the stability study 
o fur inary CATS. Boomsma et al (1993) also reported that unpreserved urine was stable up 
to 35 days while the samples treated wi th HC1 was even stable up to one year. The 
discrepancy f rom the result here may be because one pooled urine and different acidifying 
agent were used in their studies. 
For the storage of urine samples at -20¾ and -70¾, 3-ways A N O V A showed that 
temperature and storage duration significantly affected the stability of all the three CATS 
(Table 14). D A was also affected by the types of preservatives. There was significant 
interaction between temperature and types of preservatives, and the interaction between 
temperature and storage duration. For N A , there were also significant interaction for 
temperature and duration , preservatives and storage duration, and all three factors studied. 
The results clearly indicated that the determinants for the stability of urinary CATS was 
multifactorial. 
To determine the period when CATS wi th or without preservatives was stable, 1-way 
A N O V A on the storage duration were performed for sample stored at -20°C and -70'C. The 
results were summarized in Table 13. A t -20¾, both N A and A were stable up to 2 months 
in all unpreserved and preserved urine samples. D A was only stable up to 1 month. Formate 
buffer and formate buffer w i th ascorbic acid preserved urinary CATS up to 2 months. D A 
showed obvious decreasing trend in unpreserved urine at -20。C (figure 7), indicating that it 
is less stable than N A and A. Both freezing and acidification are required to presen/e urinary 
CATS effectively at -20'C. A T -70^C, urinary CATS in unpreserved urine was stable up to 
2 months, formate buffer and formate buffer wi th ascorbic acid maintain the urinary CAT 




Table 14: 3-way ANOVA analysis result on the preserved urine samples stored at _ 
20"C and -70'C 
Factors for analysis Probability value (p) 
— N A A D A 
Temperature — 0.0155 — • • . M 2 ^ 
" ^ ; ; ; r ; 7 ^ NS 0 崖 2 
preservatives — 
Storage duration 一 <0.0001 ~ " < 0 ^ J 2 H 1 
Temperature ^ 一 NS _ 1 4 
X types o f 
preservatives 
Temperature <0.0001 NS <0.0001 
X storage duration 
Types of 0.0024 NS NS 
preservatives X 
storage duration 
Temperature 0.0021 NS NS 
X types o f 
preservatives 
X storage duration = = = L = = = ^ = = = 
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Figure 7: Urinary free CATS stability at -20'C with different preservatives in the 
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Figure 8: Urinary free CATS stability at -70¾ with different preservatives in the 
stored urine samples 
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The results indicated that both the storage temperature and the use o f acidic p H were 
important to maintainthe stability o fur inary CATS. Without anypreservative, the stability 
:ofur inary CATS was increased f rom 7 days at 4 ¾ , 1 month at -20°C to 2 months at -70^C. 
:In the presence of formate buffer w i th or without ascorbic acid, the stability o fur inary CATS 
was improved to 4 months at lower freezing temperature. 
The advantage o f using lower freezing temperature at -70^C or more to preserve 
urinary CATS f rom this result agrees wi th the results reported in some studies up to nearly 
one year (Moleman, 1985 and Boomsma et al, 1993). 
There was no significant advantage in preserving urinary CATS w i th the addition o f 
ascorbic acid in the formate buffer up to a period of 4 months. However, beneficial effect 




The analytical performance o f t he HPLC-ECD method was similar to the performance 
o f the routine laboratory. A l though the precision CV was higher for A due to l o w 
concentration, stabil ity studies in this project used urine f rom post-operative patients wh ich 
have increased A excretion, thus acceptable precision performance can be obtained. 
Citrate buffer, though has a higher buffer ing capacity than formate buffer, cannot be 
used as a preservative because i t interferes w i th the alumina extraction o f urinary CATS. 
However, i t might be useful for other laboratory not using alumina for processing urine 
sample pr ior to H P L C analysis. 
A f ina l formate buffer concentration o f not less than 0.0375 M can be used as a 
preservative for urinary CATS during the urine collection, even at adverse ambient 
temperature l ike 37°C at least 4 days. When buffered urine were stored at lower temperatures， 
urinary CATS can be stable up to 1 month at 4°C, 2 months at - 2 0 ¾ and at least 4 months 
at -70'C. The addit ion o f ascorbic acid did not have significant benefit for storage. However, 
effects on storage period beyond 4 months had not been studied. 
The stability o f urinary CATS upon storage were mult i factorial. The storage 
temperature, the types o f preservatives and their interaction contributed signif icantly to the 
stability o f the individual CATS. 
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7. Limitations and future prospects 
One o f the diff icult ies in the interpretation o f the stability data over a long storage 
duration was the between batch variations. This could affect the detection o f small systemic 
changes in the results. To improve the between-batch precision, the use o f ful ly-automated 
method w i l l be he lp fu l A n on-line precolumn extraction procedure employing either alumina 
or ion-exchange column had been reported (de Jong et al，1987). This would reduce the batch 
to batch variation. 
The stability study could be extended so that the possible advantage o f using both 
formate buffer and ascorbic acid can be examined. This project has been l imited by t ime and 
stability o f CATS was studied up to 4 months. Studied samples were sti l l stored at -20°C and 
-70°C. This w i l l be sufficient for another 4 study time period. I t is proposed to measure 
these samples at 6 months, 8 months, 10 months and 12 months. 
、 77 
References 
Anton A H and Sayre DF (1962) A study o f the factors affecting the alumina oxide-
tr ihydroxyindole procedure for the analysis ofcatecholamines. J Pharmacol Exp Ther 138:360-
375. 
Boomsma F Alberts G, E i j k L V , Ve ld AJMIT , and Schalekamp M A D H (1993) Opt imal 
collection and storage conditions for catecholamine measurements in human plasma and urine. 
Clin Chem 39(12):2503-2508. 
Claustre J, Favre R, Cottet-Emard JM and Peyrin L (1985) Free, glucuronide, and sulfate 
catecholamines in the rat: effect o f hypoxia. J appl Physiol 59(1):12-17. 
Davidson DF and Fritzpatrick J (1985) A simple, optimised and rapid assay for urinary free 
catecholamines by HPLC w i th electrochemical detection. Ann Cl in Biochem 22:297-303. 
de Jong Point AJF, Tjaden UR, Beeksma S and Kraak JC (1987) Determination o f 
catecholamines in urine and plasma by l iquid chromatography after on - l i ne j amp | ^ . 
preteratment on small alumina or dihydroxyborysil ica columns. J Chromatogr 414:285-300. 
Er ik AM，Schoors DF, Dupont A G (1991) Age and sex-related differences for the urinary 
excret ionof norepinephrine, epinephrine and dopamine in adults. Cl in Chem 37(6):875-878. 
Fot i A , K lmura S，de Quatro V , Lee D (1987) L iqu id chromatographic measurement o f 
catecholamines and metabolite in plasma and urine. Cl in Chem 33:2209-2213. 
Giles H G and Meggior in i (1983) Stability o f catecholamines in urine. Cl in Chem 29(3):595. 
Graham PE, Smythe GA, Edwards GA and Lazarus L (1993) Laboratory diagnosis o f 
phaeochromocytoma: which analytes should we measure? Ann Cl in Biochem 30:129-134. 
Henderson MJ, Heney D, Mcginlay JM, Lewis L and Bailey C (1992) Measurement o f 
dopamine, H V A and H M M A in untimed urine samples: establishment o f age-related reference 
data in children. Ann Cl in Biochem 29:162-167. 
Henry DP and Pratt JH (1990) Phaeochromocytoma f rom biochemical Pharmacokinetic, and 
Pathophysiologic point o f v i e w . In Endocrine Hypertension, Bi lg l ier i EG and Melby JC (eds), 
Raven Press, New York, p207-233. 
Ho CS (1994) The role o f dopamine and sodium transport inhibitor in natriuresis. Thesis o f 
Doctor o f Philosophy Degree, The Chinese University o f Hong Kong, Hong Kong. 
Hugh D, Grennan A , Abugl la M A and Weinkove C (1987) Ascobic acid as an antioxidant in 
measurements o f catecholamines in plasma. Cl in Chem 33:569-571. 
、 
78 
Jenner D A , Harrison A , Prior I A M , Leonetti D L and Fuj imoto W Y (1987) 24-h 
catecholamines excretion: relationship w i th age and weight. C l in Ch im Acta 164:17-25. 
Kagedal B and Doldstein DS (1988) Review- Catecholamines and their metabolites. J 
Chromatogr 429:177-233. 
Kawano Y , Kawasaki T , Kawazoe N , Abe I , Uezeno K , Ueno M，Fukiyama K and Omoe T 
(1990) Circadian variation of urinary dopamine, norepinephrine, epinephrine and sodium in 
nomotensive and hypertensive subjects. Nephron 55:277-282. 
Konstantinides FN, Berg HG, Sackett-Lundeen L , Skaar DJ, Fraboni A D , Mi tchel l DR, Singh 
RK , L i j e , Haus E, Kasperson E H and Cerra FB (1988) Are preservation methods for 24 hour 
free catecholamines collections necessary? Cl in Chem 34:1217. 
Lee M R (1982) Dopamine and kidney. Cl in Sci 62:439-448. 
Lee M R (1986) Dopamine and kidney. In Advances in renal physiology, Lote CJ (ed), Croom 
Helm, London and Sydney, p218-246. 
Lundberg U , Holmberg L and Frankekaeuser M (1988) Urinary catecholamines comparision 
between H P L C w i th electrochemical detection and fluorophotometric assay. Pharmacol 
Biochem Behav 31(2):287-289. 
Moerman EJ and de Schaepdryver AF (1984) Quantitation o f catecholamine in urine and in 
plasma. C l in Ch im Acta 139:321-333 
Moleman P (1985) Preservation o f urine samples for assay o f catecholamines and their 
metabolites. C l in Chem 31(4):653-665 
Nair JB and Munk M N (1987) Improved high-performance l iquid chromatography method 
w i t h electrochemical detection for determination o f urinary catecholamines using a new 
electrochemical detector. J Chromatogr 416:340-346 
Nunez C and Oritiz-Apodaea M A (1994) Excretion o f free catecholamines by children. Eur 
J C l in Chem Cl in Biochem 32(6):461-463. 
Nyyssonen K and Parviainen M T (1989) Plasma catecholamines: laboratory aspects. Cri t Rev 
Cl in Lab Sci 27:211-236. 
Odink J, Sandman H and Schreus WHP (1986) Determination o f free and total catecholamines 
and salsolinol in urine by ion-pair reversed-phase l iquid chromatography w i th electrochemical 
detection after a one-step sample clean-up. J chromatogr 377:145-154. 
Rosano TG，Swift T A and Hayes L W (1991) Advances in catecholamine and metabolite 





Schumann GB (1984) Examination of urine. In Kaplan LA and Pesce AJ (eds). Clinical 
chemistry - theory, analysis and correlation, 1st edition, Missouri, Mosby company, chapter 
53,996-1031. 
Tuck ML (1986) The sympathetic nervous system in essential hypertension. Am Heart J 
112:877-886. 
Volin P (1994) Determination of free urinary catecholamines by high performance liquid 
chromatography with electrochemical detection. J Clin Chromatogr B 655:121-126. 
Wallach J (1992) Interpretation of diagnostic test. A symposia of laboratory medicine, 5th 
edition. Little, Brown and company, Boston/Toronto/London. 
Weicker H，Feraudi M, Jagele H and Pluto R (1984) Electrochemical detection of 
catecholamines in urine and plasma after separation with HPLC. Clin Chim Acta 141:17-25. 
Weinkove C (1991) Measurement of catecholamines and their metabolites in urine. J Clin 
Pathol 44:269-275. 
Westerink BHC and ten Kate N (1986) 24 hour excretion pattern of free, conjugated and 
methylated catecholamines in man. J Clin Chem Clin Biochem 24:513-519. 
Whitley RJ, Meikle AW, Watts NB (1994) Biogenic amines. In Burtis CA and Ashwood ER 
(eds), Tietz Textbook ofClinical Chemistry, 2nd edition, WB Saunders company, chapter 35, 
pl739-1776. 
Wu AHB and Gomet TG (1985) Preparation of urine samples for liquid chromatopaphy 
determination ofcatecholamines: bonded phase phenylboronic acid, cation-exchange resin, and 
alumina adsorbents compound. Clin Chem 31:298-302 
80 

i i i _ 1 
0 0 3 5 l 0 f i 5 l 1 
